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[CHAPTER 1] 


Introduction 


After working outside in her garden on a sweltering Saturday 
in late June 2018, a 64-year-old Pennsylvania woman was 
taken to the hospital, where she died of cardiac arrest. The 
next day, a 30-year-old man running a trail race in upstate 
New York collapsed a half mile before the finish line. He was 
brought to the hospital and died that day. Hundreds of miles 
apart, these two deaths shared a common culprit: extreme 
heat. By the time the week was out, heat would claim the lives 
of at least three more people in the United States (Miller and 
Park 2018; Palmer 2018). 

North of the border in Quebec, where many homes are not 
air-conditioned, the same heat wave pushed “feels like” tem¬ 
peratures as high as 104°F, killing more than 70 people. During 
July of that same year, record temperatures occurred around 
the Northern Hemisphere, with actual temperatures in Siberia 
topping 90°F; the African continent setting a new heat record in 
Algeria at 124°F; and Japan’s scorching heat sickening more than 
22,000 people in a single week (Masters 2018; Pitofsky 2018). 

Extreme heat is among the deadliest weather hazards 
society faces. During extremely hot days, heat-related deaths 
spike and hospital admissions for heat-related illnesses rise, 
especially among people experiencing poverty, elderly adults, 
and other vulnerable groups (NWS 2018; CDC 2017a). 

Temperatures around the world have been increasing for 
decades in response to rising heat-trapping emissions from 
human activities, primarily the burning of fossil fuels. These 
rising temperatures are causing more days of dangerous—even 
deadly—heat locally. This Union of Concerned Scientists 
(UCS) analysis shows that if we stay on our current global 
emissions path, extreme heat days are poised to rise steeply 
in frequency and severity in just the next few decades. This 
heat would cause large areas of the United States to become 


Temperatures around 
the world have been 
increasing for decades 
in response to rising heat¬ 
trapping emissions . 

dangerously hot and would threaten the health, lives, and liveli¬ 
hoods of millions of people. Such heat could also make droughts 
and wildfires more severe, harm ecosystems, cause crops to fail, 
and reduce the reliability of the infrastructure we depend on. 

Climate change and its consequences are already manifest¬ 
ing in the form of deadlier storms, rising sea levels, droughts, 
wildfires, and floods. Yet the heat extremes forecast in this 
analysis are so frequent and widespread that it is possible they 
will affect daily life for the average US resident more than any 
other facet of climate change. But this analysis also finds that 
the intensity of the coming heat depends heavily on our near- 
term choices. By cutting emissions quickly and deeply, we 
can slow global warming and limit the increase in the number 
of extremely hot days. Every 10th of a degree we avoid in 
increased temperatures will matter to our overheating world. 

If we wish to spare people in the United States and 
around the world the mortal dangers of extreme and relent¬ 
less heat, there is little time to do so and little room for half 
measures. We need to employ our most ambitious actions to 
prevent the rise of extreme heat—to save lives and safeguard 
the quality of life for today’s children, who will live out their 
days in the future we’re currently creating. 
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Examining Future Extreme Heat and 
Emissions Choices 

This UCS analysis provides a detailed view of how extreme heat 
events caused by dangerous combinations of temperature and 
humidity are likely to become more frequent and widespread 
in the United States over this century. It also describes the 
implications for everyday life in different regions of the country 
We have analyzed where and how often in the contigu¬ 
ous United States the heat index—also known as the National 
Weather Service (NWS) “feels like” temperature—is expected 
to top 90°F, 100°F, or 105°F during future warm seasons (April 
through October). While there is no one standard definition 
of “extreme heat ” in this report we refer to any individual 
days with conditions that exceed these thresholds as extreme 
heat days. 1 We also analyzed the spread and frequency of heat 
conditions so extreme that the NWS formula cannot accu¬ 
rately calculate a corresponding heat index. The “feels like” 
temperatures in these cases are literally off the charts. 


For the greatest odds 
of securing a safe climate 
future, we need to take 
aggressive action . Our 
challenge is great, but the 
threat of not meeting it 
is far greater. 

We have conducted this analysis for three global climate 
scenarios associated with different levels of global heat¬ 
trapping emissions and future warming. These scenarios 
reflect different levels of action to reduce global emissions, 
from effectively no action to rapid action. Even the scenario 
of rapid action to reduce emissions does not spare our 





A woman works as an advertising sign holder in Las Vegas during a heat wave in July 2014. While extreme heat already affects the lives of many US residents—killing 
hundreds each year and sending many more to the hospital with heat-related illnesses—continued global warming will cause a steep increase in extreme heat 
conditions nationwide. 
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communities a future of substantially increased extreme heat. 
For the greatest odds of securing a safe climate future for our¬ 
selves and the ecosystems we all depend on, we would need 
to take even more aggressive action, in the US and globally, 
than outlined in any of the scenarios used here. Our challenge 
is great, but the threat of not meeting it is far greater. 

A Snapshot of Results 

Our results show that, with no action to reduce heat-trapping 
emissions, 2 by midcentury (2036-2065), the following 
changes would be likely in the United States, 3 compared with 
average conditions in 1971-2000: 

• The average number of days per year with a heat index 
above 100°F will more than double, while the number of 
days per year above 105°F will quadruple. 

• More than one-third of the area of the United States will 
experience heat conditions once per year, on average, 
that are so extreme they exceed the current NWS heat 
index range—that is, they are literally off the charts. 

• Nearly one-third of the nation’s 481 urban areas with a 
population of 50,000 people or more will experience an 
average of 30 or more days per year with a heat index 
above 105°F, a rise from just three cities historically 
(El Centro and Indio, California, and Yuma, Arizona). 

• Assuming no changes in population, the number of 
people experiencing 30 or more days with a heat index 
above 105°F in an average year will increase from just 
under 900,000 to more than 90 million—nearly one-third 
of the US population. 4 

• Countrywide, more than 1,900 people per year have 
historically been exposed to the equivalent of a week or 
more of off-the-charts heat conditions; this number is 


projected to rise to more than 6 million people by mid¬ 
century—again, assuming no population changes. 

Late in the century (2070-2099), with no action to reduce 
heat-trapping emissions, the following changes can be expected: 

• The United States will experience, on average, four times 
as many days per year with a heat index above 100°F, and 
nearly eight times as many days per year above 105°F, as 
it has historically. 

• At least once per year, on average, more than 60 percent 
of the United States by area will experience off-the- 
charts conditions that exceed the NWS heat index range 
and present mortal danger to people. 

• More than 60 percent of urban areas in the United 
States—nearly 300 of 481—will experience an average of 
30 or more days with a heat index above 105°F. 

• The number of people who experience those same condi¬ 
tions—still assuming no population change—will increase 
to about 180 million people, roughly 60 percent of the 
population of the contiguous United States. 

• The number of people exposed to the equivalent of a 
week or more of off-the-charts heat conditions will rise 
to roughly 120 million people, more than one-third of the 
population. 

Our results show that failing to reduce heat-trapping 
emissions would lead to a staggering expansion of dangerous 
heat. In contrast, aggressive emissions reductions that limit 
future global warming to 3.6°F (2°C) or less would contain 
that expansion and spare millions of people in the United 
States from the threat of relentless summer heat. With these 
aggressive emissions reductions, the above impacts would, 
in most cases, be held at or below their midcentury levels and 
would not grow progressively worse during the second half 
of the century. 


[ Failing to reduce heat-trapping 
emissions would lead to a staggering 
expansion of dangerous heat 
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[CHAPTER 2] 


The Heat Index: What Extreme Heat 
“Feels Like” 


The outside temperature according to a car dashboard may 
be 90°F, but what we feel when we step out could be worlds 
apart depending on whether we are parked in Arkansas or 
Arizona. It is not only hot in Arkansas but also often humid. 
To our bodies’ cooling systems, humidity makes all the dif¬ 
ference. People sweat to release heat because when sweat 
evaporates, it has a cooling effect. A breeze or a fan can help us 
to cool down by quickening the pace of that evaporation. But 
humidity in the air around us limits the evaporation of sweat 
and reduces the associated cooling effect. So high temperature 
and humidity cause our bodies to accumulate heat. For this 
reason, temperature is generally considered in tandem with 
humidity to measure heat stress conditions, or those in which 
the human body has difficulty cooling itself (CDC 2017b). 

When exposed to such conditions, our bodies’ tempera¬ 
ture rises, and heat-related illnesses (ranging in severity from 
mild heat cramps to life-threatening heat stroke) can occur. 

In general, adults over the age of 65, young children, people 
who are sick, people with mental or physical disabilities, 
people in low-income communities (who often lack access 
to air-conditioning or the means to pay for its use), outdoor 
workers, and military personnel who must exert themselves 
outdoors are among the most vulnerable to extreme heat, 
given their greater exposure and/or their bodies’ diminished 
ability to cope (Morris et al. 2019; Reid et al. 2009). Over 
the last 30 years, on average, exposure to extreme heat was 
the top cause of weather-related deaths in the United States 
(NWS 2018). Between 1999 and 2010, exposure to extreme 
heat was implicated in 7,415 deaths in the United States—an 
average of more than 600 per year (CDC 2012)—but likely 
contributed to many more (Berko et al. 2014; Luber and 
McGeehin 2008; Donoghue et al. 1997). 


To our bodies’ cooling 
systems , humidity makes 
all the difference. 

To warn people of anticipated or ongoing conditions 
that could cause heat-related illnesses or death, the NWS 
combines temperature and relative humidity to produce a 
heat index, or a “feels like” temperature (NWS n.d. a) (see 
Figure 1, p. 5, and box, p. 7). 5 The NWS uses heat index-based 
thresholds as the basis for issuing heat advisories and exces¬ 
sive heat warnings. For example, when relative humidity is 
low, at 45 percent, a temperature of 94°F would result in a 
heat index of 100°F. However, at a higher relative humidity 
of 70 percent, a temperature of only 88°F would result in 
that same heat index. In humid locations such as Arkansas, 
the heat index may be much higher than the air temperature, 
whereas in arid locations such as Arizona, the temperature 
and heat index may be the same. 

How and Why the National Weather Service 
Uses Heat Index Thresholds 

While health risks exist at all heat index values above 
80°F, the severity of those risks varies depending on who is 
exposed, whether they are engaged in physical activity, and 
how long the exposure lasts (Morris et al. 2019). Conditions 
that are manageable for some people can be dangerous—or 
even fatal—for others (Morris et al. 2019; Grundstein et al. 
2010). Age, underlying health, physical fitness, access to 
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figure 1 . How Temperature and Humidity Create the Heat Index 
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Off the Charts 

Heat index formula becomes 
invalid with extreme temperature 
and humidity combinations 
that will increasingly result from 
global warming 



80°F-89°F 

■ 90°F-99°F 

■ 100°F-104°F 


| 105°F+ 

M Off the Charts 


Heat is more harmful to human health when humidity is high because humid air hinders the evaporation of sweat, and thus reduces the 
body’s ability to cool itself To determine the effect of both heat and humidity, the National Weather Service formulated the heat index based 
on the range of warm-season conditions we typically see on Earth. As our climate warms, we will increasingly find ourselves outside the range 
of reliably calculable heat index values, or, quite literally, off the charts. Colors reflect the categories of heat index conditions examined in 
this study. 

SOURCE: STEADMAN 1979A; NWS N.D. A. 


cooling, and a person’s surroundings (e.g., whether they live 
in a city or a rural environment) are among the many factors 
that determine overall heat health risks. 

When developing its guidance for the use of the heat 
index in forecasts and alerts in the 1980s, the NWS consid¬ 
ered the impacts of a range of heat index values on human 
health (NWS 1984). The language used by the NWS in heat 
alerts today reflects both the general risks extreme heat poses 
to the public and considerations of the groups most at risk 
during an extreme heat event. 

National guidance from NWS suggests, in general, that a 
local heat advisory be issued when the heat index in a region 
is expected to reach or exceed 100°F for 48 hours and that 
an excessive heat warning be issued when the heat index 
reaches or exceeds 105°F for 48 hours (NWS n.d. b). These 

Conditions that are 
manageable for some 
people can be dangerous— 
or even fatal—for others . 


thresholds have been established because these conditions 
can be dangerous, even deadly (see Figure 2, p. 6). While the 
thresholds are somewhat arbitrary, given that the impacts of 
heat are highly individual (Watts and Kalkstein 2004), NWS 
guidance and additional research point to the following: 

• With a heat index around 90°F, sun stroke, heat cramps, 
and heat exhaustion are possible for certain risk groups 
(NWS 1984). In particular, those who engage in physical 
exertion outdoors (e.g., outdoor workers, military per¬ 
sonnel, athletes) without being accustomed to the heat 
are susceptible to heat stress at this threshold (Morris et 
al. 2019; OSHA n.d.). 

• At a heat index of 100°F, NWS heat advisories state that 
“heat stress or illnesses are possible, especially for elderly 
adults and those sensitive to heat,” which includes 
children (Iowa State University 2019). Advice such as 
“Drink plenty of fluids” and “Check up on relatives and 
neighbors” frequently accompanies NWS heat advisories 
at this level. 

• At a heat index of 105°F, even healthy adults are at risk 
of heat-related illness with prolonged exposure. NWS 
excessive heat warnings issued at this level often state 



Killer Heat in the United States 


5 






















that “heat illness is likely.” Warnings such as “When pos¬ 
sible, reschedule strenuous activities to early morning 
or evening”; “The very young, the elderly, those without 
air conditioning, and those participating in strenuous 
outdoor activities will be the most susceptible”; and 
“Car interiors can reach lethal temperatures in a matter 
of minutes” usually accompany these alerts (Iowa State 
University 2019). 

• For heat index values above 130°F, NWS has no standard 
guidance, though one source indicates that heat stroke is 
“highly likely with continued exposure” (NWS 1984). 

• The Occupational Safety and Health Administration 
(OSHA) advises that exposure to direct sun can increase 
the heat index by as much as 15 degrees. 

Local environmental conditions and the degree to which 
people are acclimatized—or accustomed—to extreme heat 
affect health outcomes in different regions. Because of this, 
nearly half of local NWS Weather Forecast Offices have 
developed their own revised policies around extreme heat 
(Hawkins, Brown, and Ferrell 2017). 6 NWS offices in South 
Carolina, for example, where the population is accustomed 


to extreme heat, have raised the threshold for excessive heat 
warnings from 105°F to 115°F. The policies of other local 
offices include factors such as elevation, nighttime tempera¬ 
tures, and time of year (Hawkins, Brown, and Ferrell 2017). 

However, rising numbers of heat-related deaths in 
places such as Phoenix, Arizona—where we might expect 
residents to be accustomed to the heat—suggest that warm¬ 
ing temperatures and a range of socioeconomic factors 
(such as access to functional air-conditioning, age, and race) 
require greater consideration when defining the local risk 
posed by extreme heat (Maricopa County Public Health 
2017; Hayden, Brenkert-Smith, and Wilhelmi 2011; Stone, 
Hess, and Frumkin 2010). And while access to ubiquitous 
air-conditioning has been shown to reduce heat-related 
mortality, true physiological acclimatization to heat requires 
consistent outdoor daily exertion over an extended period of 
time. The facts of this process suggest that constant access to 
air-conditioning may preclude acclimatization (Nordio et al. 
2015; Acosta 2009). 

In many northern states, where heat-related mortality is 
more prevalent, incidences of he at-related illness start to rise 
with a heat index as low as 80°F to 85°F (Vaidyanathan et al. 


FIG u R E 2 . More People Are at Risk as the Heat Index Rises 




Undetermined: any level 
of exposure is presumed 
extremely dangerous 
for all people and likely 
to result in heat-related 
illness or even death. 


Heat Index 
Off the Charts 


Heat Index 
Above 90°F 


Heat Index 
Above100°F 


Heat Index 
Above 105°F 


Outdoor workers become 
more susceptible to heat- 
related illness. 


Children, elderly adults, 
pregnant women, and 
people with underlying 
conditions are at 
heightened risk of heat- 
related illness. 


Anyone could be at risk 
of heat-related illness or 
even death as a result of 
prolonged exposure. 


Heat index conditions as low as 80°F can affect human health. Extreme heat exposure affects people differently depending on their health and 
environment. Certain groups of people may become more susceptible to heat-related illness as the heat index rises. 

SOURCES: IOWA STATE UNIVERSITY 2019; MORRIS ET AL. 2019; NWS 1984; NWS N.D. B; OSHA N.D. 
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Left to right: AP Photo/Napa Valley Register, Lianne Milton; 
AP Photo/Julio Cortez; lzf/iStock; logoboom/Shutterstock 
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Extreme heat caused hundreds of cases of heat-related illness during the Boy 
Scouts of America’s 2005 National Jamboree in Virginia. Susceptibility to heat- 
related illness depends on many factors, including a person’s age and fitness and 
how acclimated they are to extreme heat. 


2018; Curriero et al. 2002). Because of this, some individual 
states and localities have revised their advisory thresholds 
downward (Wellenius et al. 2017; NHDPHS n.d.). Officials 
also now consider how long the heat event is expected to last 
and the time of year it occurs, as heat events occurring earlier 
in the year, before people are acclimatized to warmth, have 
a greater impact on human health than those occurring later 
in the summer or early fall (Sheridan and Lin 2014; Anderson 
and Bell 2011). 


Off-the-Charts Days 

The heat index was originally formulated to capture all but 
the most extreme combinations of temperature and rela¬ 
tive humidity occurring on Earth (Steadman 1979a). In 
heat that exceeds the ranges of the temperature and rela¬ 
tive humidity values that were considered, skin moisture 
levels are so high that sweating is significantly inhibited 
and the equations used by the National Weather Service 
(NWS) to calculate the heat index become unreliable 
(Alber-Wallerstrom and Holmer 1985) (see Figure 1, p. 5). 

Without a reliable estimate of the heat index, the 
NWS cannot adequately communicate the gravity of asso¬ 
ciated risks to public health. Historically, such incalculable 
conditions have represented the world’s most oppres¬ 
sively hot, dangerous, and, fortunately, rare days—those 
with a heat index well above 130°F. The only place in the 
contiguous United States that has had off-the-charts days 
in an average year is the Sonoran Desert, where Southern 
California meets Arizona. Our analysis projects that, as our 
overall climate warms, this will change. 

As global average temperatures continue to warm, 
driven by our heat-trapping emissions, not only will the 
frequency of extreme heat events increase (USGCRP 2017), 
but high heat index conditions will also become more 
extreme, surpassing dangerous thresholds more frequently 
and heading—for the first time in most regions—into 
unprecedented territory holding even greater risk of illness 
and mortality for residents. Within the next 20 years, many 
people in the United States will be faced with heat unlike 
any they have dealt with before. 


[ Those not accustomed to extreme 
heat conditions are more susceptible 
to heat-related illness and mortality . 
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[CHAPTER 3] 


How Heat Harms Our Bodies 


When extreme heat conditions prevent our bodies from ade¬ 
quately cooling, our core temperatures rise, causing a variety 
of symptoms (see Figure 3). This can be made worse by the 
environment surrounding us—a blacktop playground with no 
shade, for example, or a room with no air-conditioning—and 
by underlying health conditions. During heat waves, calls 
to emergency medical services and hospital admissions rise 
(Davis and Novicoff 2018; Zhang, Chen, and Begley 2015; 
Dolney and Sheridan 2006; Medina-Ramon et al. 2006). 
Cooler nighttime temperatures typically provide relief from 
a hot day and give our bodies a chance to cool down, but 
when nights remain hot, health risks rise, especially for those 
without access to air-conditioning or for whom the choice 
of turning on the air-conditioning presents difficult financial 
trade-offs (Anderson and Bell 2011) (see chapter 5, p. 22). 

The longer our bodies remain overheated, the greater 
the risk of heat-related illnesses (such as heat cramps, heat 
exhaustion, and heat stroke) and the greater the risk of death 
(CDC 2017b; Choudhary and Vaidyanathan 2014). 

The longer our bodies 
remain overheated, the 
greater the risk of heat- 
related illnesses and the 
greater the risk of death. 


Heat-Related Illnesses and Deaths 

With heat cramps, people experience cramping or pain in the 
stomach, arms, or legs as a result of excessive sweating that 
causes loss of large amounts of salt and water from the body. 
Heat exhaustion can cause dizziness, a weak pulse, nausea, 
and fainting. The most severe heat-related illness, heat stroke, 
can occur when the body’s core temperature rises from its 
usual 98.6°F to 104°F or higher. High body temperature is 
associated with increased heart and respiratory rates and, 
at extreme levels, damage to the brain, heart, lungs, kidneys, 
and liver (Seltenrich 2015). This can be fatal (CDC 2017b). 

Without cooling, heat-related deaths can occur quickly— 
typically the same day or the day after outside temperature 
spikes—which signals the need for a quick response to 
extreme heat conditions by public health officials and either 
the people exposed or their caregivers (Anderson and Bell 
2011). However, health impacts from heat can also occur one 
or more days after the exposure to extreme heat, and each 
additional consecutive day of extreme heat increases heat- 
related mortality rates (Chen et al. 2017; Hajat et al. 2006). 
While one-day heat events are enough to raise the rates of 
heat-related illness, longer heat waves are more likely to have 
a larger effect on a variety of adverse health outcomes (Basu 
et al. 2012). 

In addition to deaths caused by heat-related illness, 
extreme heat conditions increase rates of heart attacks, car¬ 
diovascular mortality, and respiratory mortality (Mastrangelo 
et al. 2007; Medina-Ramon et al. 2006; Braga, Zanobetti, and 
Schwartz 2002; Curriero et al. 2002). 
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FIG u R E 3 . How Heat Affects Our Bodies 



Head 

headache 
dizziness 
irritability 

loss of coordination 
confusion 
delirium 
anxiety 

loss of consciousness 
seizures 
stroke 
coma 


Liver 

• liver injury 


Kidneys 

• kidney disease 

• kidney failure 


Skin 

• flushed and clammy skin 

• profuse sweating 

• heat rash 


Mouth 

• intense thirst 

• dry mouth 

Heart 

• rapid heartbeat 

• irregular heartbeat 

• reduced bloodflow to the heart 

• heart attack 

Lungs 

• increased breathing rate 

• worsened allergies and asthma 

• worsened chronic obtrusive 
pulmonary disease 

Arms and Legs 

• heat cramps 

• muscle spasms 

• weakness 


General Physiology and Unique Circumstances 


General 

• dehydration 

• electrolyte 
imbalance 

• fatigue 

• nausea 


vomiting 
drop in 

blood pressure 
fever 


Pregnant People 

• fetal nutrition 
deficits 

• preterm delivery 
and birth 

• stillbirth 


When temperature and humidity climb during extreme heat events, the body’s cooling mechanisms become less effective. The symptoms 
shown here—ranging from minor annoyances to truly life-threatening issues—include both those that are indicative of heat-related illness 
and those that are signs of pre-existing conditions exacerbated by extreme heat. 

SOURCES: BASU ET AL. 2012; BECKER AND STEWARD 2011; CURRIERO ET AL. 2002; DONOGHUE ET AL. 1997; GARCIA-TRABANINO ET AL. 2015; GLAZER 2005; 
LUBER AND MCGEEHIN 2008; LUGO-AMADOR, ROTHENHAUS, AND MOYER 2004; AND SEMEZA ET AL. 1999. 


Child Bodies 

Infants and small children are among the most susceptible 
to heat-related illness. As temperatures climb, smaller bod¬ 
ies lose water at a faster rate than larger bodies do, which 
can lead to dehydration (Stillman 2019; Li et al. 2015). 
Physiologically, children have a higher ratio of body surface 
area to mass and a lower total sweating rate compared with 
adults (Rowland 2008; Bar-Or 1994). The latter can lead to 
a slow acclimatization to heat. Children are also less likely 
to read their body cues and know they need to rehydrate 
(Rosman 2017). Extreme heat can also increase the incidence 
of allergy attacks, electrolyte imbalance, fever, and kidney 
disease in children (Xu et al. 2012). 


Elderly Bodies 

People aged 65 and older—and especially 75 and up—have an 
elevated risk of heat-related illness relative to younger adults 
(Basu et al. 2012). Extreme heat is associated with increases 
in cardiovascular and respiratory-related deaths among older 
adults (Bunker et al. 2016; Anderson and Bell 2011; Astrom, 
Forsberg, and Rocklov 2011). For seniors, illnesses and medica¬ 
tions can also slow the body’s cooling mechanisms (Stollberger, 
Lutz, and Finsterer 2009). Although the increased use of air- 
conditioning by elderly US residents has reduced their rates of 
heat-related deaths, the percentage of elderly individuals in the 
United States is increasing, which means more vulnerable indi¬ 
viduals are being exposed to dangerous heat (Barnett 2007). 
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Children cool off in a stream of water from afire hydrant in Bowling Green, Kentucky, in 2011. As extreme heat becomes increasingly frequent and dangerous, outdoor 
play could be severely curtailed or require a level of risk management all but inconceivable in much of the country today. 


Bodies with Special Conditions and Needs 

People with medical conditions, both physical (such as respi¬ 
ratory or cardiovascular disease) and psychiatric, have an 
increased risk of heat-related death (Bouchama et al. 2007). 
In fact, many commonly prescribed medications inhibit the 
body’s ability to regulate its temperature (Westaway et al. 
2015). Being confined to bed or home, depending on the care 
of another person, or not understanding the need for water 
or cooling also significantly increases the risk of he at-related 
death (Bouchama et al. 2007). Underlying mental health 
disorders in combination with alcohol or substance abuse can 
also contribute to higher heat-related-illness hospitalization 


rates and deaths (Schmeltz and Gamble 2017; Hansen 
et al. 2008). 

Exposure to extreme heat can cause complications for 
pregnant women and their developing babies (Basu, Sarovar, 
and Malig 2016; Basu, Malig, and Ostro 2010). Heat-induced 
dehydration during pregnancy can reduce blood flow to the 
uterus, which can lead to premature labor and delivery. It can 
also reduce blood flow to the placenta, which can lead to fetal 
nutrition deficiencies. In turn, stillbirths can result. An asso¬ 
ciation between exposure to heat and both preterm delivery 
and stillbirths has been found among younger mothers, likely 
reflecting the effects of lower socioeconomic status (Basu, 
Sarovar, and Malig 2016; Basu, Malig, and Ostro 2010). 


[ Infants and small children, elderly 
adults , and people with medical 
conditions have an increased risk 
of heat-related death. 
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[ CHAPTER 4 ] 


Findings: The Future of Dangerously Hot Days 


In this analysis we calculate the number of days per year with 
heat index values above 90°, 100°, and 105°F—as well as the 
number of off-the-charts days, when conditions fall outside 
the range of the current heat index formulation—between 
now and the end of the century. The numbers presented 
here represent the average over 30-year periods—a histori¬ 
cal baseline (1971-2000), midcentury (2036-2065), and late 
century (2070-2099)—and the average of 18 independent 
climate models. 7 We present results nationally, by region, by 
state, and by “urban area,” defined as a city with more than 
50,000 people (US Census Bureau 2019). We calculated the 
number of people exposed to extreme heat conditions based 
on 2010 population statistics and assume no growth in popu¬ 
lation or change in distribution (CIESIN 2017; US Census 
Bureau 2010a). 

Our analysis includes three scenarios associated with 
different levels of global heat-trapping emissions and future 
warming (Van Vuuren et al. 2011) (Figure 4): 

1. A “no action” scenario, 8 in which heat-trapping emis¬ 
sions continue to rise throughout the 21st century and 
global average temperatures warm by nearly 8°F (4.3°C) 
above pre-industrial levels by the year 2100. This sce¬ 
nario is consistent with our current and historical emis¬ 
sions growth. 

2. A “slow action” scenario, in which heat-trapping emis¬ 
sions start to decline at midcentury. This scenario proj¬ 
ects a most likely warming of 4.3°F (2.4°C) globally by the 
year 2100. 

3. A “rapid action” scenario, in which future global average 
warming is limited to 3.6°F (2°C) above pre-industrial 
temperatures, as prescribed by the 2015 Paris Agreement 


(UNFCCC 2015). Results for this scenario are presented 
alongside late-century results for other emissions sce¬ 
narios, as this warming threshold could be reached dur¬ 
ing a range of years in the second half of the century. 9 


figure 4. Future Warming Depends on Our Emissions 
Choices 



The growth or reduction of global heat-trapping emissions in the 
coming decades will determine how much more frequent extreme 
heat events will become in the United States. This analysis examined 
three scenarios: (( no action“slow actionand “rapid action ” to 
reduce global emissions. 

SOURCES: LE QUERE ET AL. 2015; NASA 2009. 
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If we take no action and global heat-trapping emissions 
continue to rise unabated, as they have in recent decades, 
our findings indicate that, across broad swaths of the United 
States, extreme heat conditions once measured in days per 
year would need to be measured in weeks or months by 


midcentury. And by late century, few refuges from extreme 
heat will remain (see Table 1). Yet this future—in which sum¬ 
mer becomes a time when being outside is dangerous—is not 
inevitable. Our findings show that with rapid action to reduce 
emissions, many places can avoid prolonged, dangerous heat. 


[ If we take no action and global heat¬ 
trapping emissions continue to rise 
unabated , by late century, few refuges 
from extreme heat will remain. 


table i. Extreme Heat Will Become More Frequent and More Severe in All Regions of the Country 10 




Heat Index 

Mid- 

North- 

N. 

North- 

South- 

S. 

South- 


Time Period 

Scenario 

Threshold 

west 

east 

Plains 

west 

east 

Plains 

west 

US 

Historical 

- 

90°F 

25 

13 

13 

6 

69 

71 

37 

41 

Midcentury 

No Action 

90°F 

62 

40 

36 

20 

113 

109 

60 

69 

Midcentury 

Slow Action 

90°F 

54 

32 

31 

16 

105 

102 

54 

63 

Late Century 

No Action 

90°F 

90 

70 

57 

37 

140 

134 

84 

93 

Late Century 

Slow Action 

90°F 

63 

39 

37 

21 

113 

109 

60 

70 

_9 

Rapid Action 

90°F 

56 

34 

32 

17 

107 

104 

56 

65 

Historical 

- 

100°F 

6 

3 

3 

1 

15 

21 

23 

14 

Midcentury 

No Action 

100°F 

30 

14 

12 

4 

65 

61 

24 

36 

Midcentury 

Slow Action 

100°F 

22 

10 

8 

3 

51 

51 

22 

30 

Late Century 

No Action 

100°F 

53 

32 

24 

11 

96 

88 

35 

54 

Late Century 

Slow Action 

100°F 

27 

12 

10 

4 

60 

57 

24 

34 

- 

Rapid Action 

100°F 

22 

10 

8 

3 

52 

52 

22 

31 

Historical 


105°F 

3 

2 

2 

0 

4 

7 

13 

5 

Midcentury 

No Action 

105°F 

17 

8 

6 

2 

40 

39 

17 

24 

Midcentury 

Slow Action 

105°F 

12 

5 

4 

1 

27 

30 

17 

18 

Late Century 

No Action 

105°F 

38 

20 

14 

5 

73 

66 

22 

40 

Late Century 

Slow Action 

105°F 

15 

7 

5 

2 

34 

35 

17 

22 

- 

Rapid Action 

105°F 

12 

5 

4 

1 

27 

30 

18 

19 

Historical 

- 

Off the Charts 

0 

0 

0 

0 

0 

0 

2 

0 

Midcentury 

No Action 

Off the Charts 

2 

1 

1 

1 

3 

3 

8 

3 

Midcentury 

Slow Action 

Off the Charts 

2 

1 

1 

0 

2 

2 

6 

2 

Late Century 

No Action 

Off the Charts 

7 

3 

3 

2 

12 

12 

10 

9 

Late Century 

Slow Action 

Off the Charts 

2 

1 

1 

1 

2 

3 

7 

3 

- 

Rapid Action 

Off the Charts 

2 

1 

1 

0 

2 

2 

7 

2 


As heat-trapping emissions rise, each region of the country is projected to experience an increase in the average number of days per year with 
heat above the thresholds analyzed in this study. 
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Midcentury Results (2036-2065) 

THE NATION, WITH NO ACTION TO REDUCE EMISSIONS 

Across the United States, with few exceptions, the frequency 
and geographic range of extremely high heat index days 
would increase markedly by midcentury if we take no action 
to reduce emissions (Figure 5). Midcentury reflects the time 
frame in which many of today’s working-age adults will live 


out their retirements and many of today’s children will raise 
families. 

Nationwide, with no action, the average number of days 
per year with a heat index above the 90°F threshold would 
increase by 70 percent from a historical baseline of 41 to 69. 
The number of days with a heat index above the heat advi¬ 
sory threshold of 100°F would increase, from 14 historically 
to 36. The number of days above the NWS excessive heat 
warning threshold of 105°F would more than quadruple, 


FIG u R E 5. Extreme Heat by Midcentury Becomes More Frequent and Widespread 


Historical 


90°F+ 




Off the 
Charts 



Midcentury No Action Midcentury Slow Action 










Average Days per Year Do-i H>i-io ■ >10-25 ■ >25-50 ■ >50-100 ■ >100-200 


By midcentury ( 2036-2065 ), regions of the United States with little to no extreme heat in an average year historically—such as the upper 
Midwest and New England—would begin to experience such heat on a regular basis. Heat conditions across the Southeast and Southern Great 
Plains regions are projected to become increasingly oppressive , with ojf-the-charts days happening an average of once or more annually. 
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Historical No Action Slow Action 

H90°F+ H 100 ° f+ ■l05°F+ | Off the Charts 


Taking no action or slow action to reduce global heat-trapping emissions would expose millions more US residents to an average of seven or 
more days per year of extreme heat index conditions by midcentury , even when assuming no changes in population. 


from 5 historically to 24. Whereas off-the-charts conditions 
occurring once a year or more have historically affected less 
than 1 percent of the country by area, more than 36 percent 
of the country by area would experience such conditions, on 
average, once a year or more in this time frame. 

As extreme heat grips more of the country, growing 
numbers of people would be exposed to dangerous conditions 
(Figure 6). Based on 2010 population data, and assuming 
no changes in population size or distribution, the number 
of people in the United States exposed to an average of 30 
or more days per year with a heat index above 105°F would 
increase roughly 100-fold, from just under 900,000 histori¬ 
cally to more than 90 million—or roughly 30 percent of the 
population—in the no action scenario. 11 Historically, all of 
the people exposed to the equivalent of a week or more of 
off-the-charts conditions in an average year (more than 1,900) 
would fit into a large theater. By midcentury, more than 6 mil¬ 
lion people—equivalent to roughly the entire population of 
Missouri—would experience such conditions. 

Rapid action to reduce 
global emissions could make 
a significant difference in 
exposure to extreme heat 
by midcentury. 


Historically, 29 of 481 US urban areas have experienced 
30 or more days with a heat index above 100°F. With no 
action to reduce heat-trapping emissions, that number would 
rise to 251 cities by midcentury and include places that have 
not historically experienced such frequent extreme heat, 
such as Cincinnati, Ohio; Omaha, Nebraska; Peoria, Illinois; 
Sacramento, California; Washington, DC; and Winston-Salem, 
North Carolina (see Figure 7, p. 15). Nearly one-third of all 
urban areas—152 out of 481—would experience an average of 30 
or more days per year with a heat index above 105°F, compared 
with just three historically. Cities have unique land surface 
properties that tend to make them hotter than the surrounding 
areas—a phenomenon known as the urban heat island effect. 
Because that effect is not included in the models used in this 
analysis, these statistics for cities experiencing extreme heat 
index days likely underestimate the scale of the problem. 

THE NATION, WITH SLOW ACTION TO REDUCE EMISSIONS 

With slow action to reduce heat-trapping emissions, most 
of the contiguous United States would face frequencies of 
extreme heat far higher than those of today (Figure 5, p. 13). 
However, the frequency of high heat index days would be 
between 9 and 23 percent lower than with no action, as out¬ 
lined above. Slow action would lead to an average of 18 days 
per year with a heat index above 105°F, about five fewer 
than projected with no action. With this scenario, more than 
30 million people would avoid exposure to 30 or more days 
with a heat index above 105°F (Figure 6, p. 14), and 84 urban 
areas would be exposed to that frequency of heat—compared 
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FIG u R E 7. Urban Areas Face Frequent, Extreme Heat by Midcentury 




Cities Experiencing Heat Index >105°F 

• More than 30 Days per Year 

O More than 30 Days per Year, Historically 

• Fewer than 30 Days per Year 

Historically , only three of 481 urban areas (cities with populations of50,000 or more) in the contiguous United States have experienced 
30 or more days per year with a heat index above 105°F. With slow action to reduce global emissions, more than 80 urban areas would 
experience these conditions by midcentury. And with no action, more than 150 urban areas would. 


with 152 with no action (Figure 7). These findings show that 
emissions choices make a difference even in this time frame; 
that significant changes are still in store; and that faster, more 
aggressive action to reduce emissions would be needed to 
avoid those changes. 

REGIONAL HIGHLIGHTS 10 

Northeast. By midcentury, the Northeast is projected to 
regularly experience extreme heat that has, historically, been 
rare. Connecticut, Massachusetts, and Rhode Island, for 
example, have historically averaged seven to 10 days per year 
with a heat index above 90°F. By midcentury, with no climate 
action, these New England states can expect the equivalent of 
four to six weeks of such conditions, on average, each year (see 
Table 2 for findings about select cities). And while these states 
typically don’t experience days with a heat index higher than 
100°F in the average year, by midcentury, with no action, they 
are projected to experience an average of 10 to 13 such days 
per year, and four to five days with a heat index above 105°F. 

In an average year, historically, no Northeast residents 
have experienced 30 days with a heat index above 100°F. 

With no climate action, and assuming no population growth 
or change in where people live, more than 11 million residents 


of the Northeast would experience such conditions. In 
Maryland alone, more than 5 million people would be 
exposed to such heat, 94 percent of the total population. 


table 2. Northeast Cities Face Steep Increases in Days 
per Year Above 90°F by Midcentury 



Historical 

No 

Action 

Slow 

Action 

Bangor, ME 

3 

24 

16 

Boston, MA 

11 

41 

32 

Burlington, VT 

5 

30 

22 

Dover, NH 

11 

40 

32 

Hartford, CT 

11 

44 

34 

New York City, NY 

16 

51 

41 

Pittsburgh, PA 

11 

53 

42 

Trenton, NJ 

24 

65 

55 


Populous cities in the Northeast, including the sampling shown here, 
are projected to experience a doubling or more of the number of days 
per year with a heat index above 90°F between now and midcentury 
with no action or slow action to reduce global heat-trapping emissions. 
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Anthony Behar/Sipa Press via AP Images 



In regions where extreme heat occurs infrequently today, such as the Northeast, 
air-conditioning of homes and workplaces is not universal. This and other 
factors have led some cities, including New York City, shown here in 2011, to 
issue heat advisories at a lower heat index than recommended by the National 
Weather Service. 


With slow action to reduce emissions, the states in this 
region would experience one-third fewer days with heat 
index conditions above 100°F or 105°F, compared with the 
no action case. Perhaps most strikingly, slow action would 
reduce the number of people exposed to 30 or more days 
with a heat index above 100°F to fewer than 1 million, sparing 
10 million people per year from exposure to such conditions. 

Southeast and Southern Great Plains. The Southeast and 
Southern Great Plains are some of the hottest parts of our 
country today. But future warming will make extreme heat 
in these regions even more frequent and severe. With no cli¬ 
mate action, states across the Southeast and Southern Great 
Plains regions—including Arkansas, Louisiana, Oklahoma, 
and Texas—are projected to undergo more than a tripling in 
the average frequency of days with a heat index above 100°F, 
from the current 20 to 30 days per year to the equivalent of 
two to three months per year (see Table 3 for findings about 
select cities). The average frequency of days with a heat index 
above 105°F in these four states would increase seven-fold or 
more, from between five and nine days per year, historically, 
to six to nine weeks per year. Florida is projected to experi¬ 
ence some of the highest frequencies of extreme heat in the 
nation—in an average year and averaged across the state, 

105 days with a heat index over 100°F (up from just 25 days 
historically) and 63 days with a heat index over 105°F. 

The number of days with a heat index topping 120°F— 
which historically have not occurred in these states—would 
rise to an average of between two and five days per year for 


table 3. Southeast and Southern Great Plains Cities 
Will Face Many More Days per Year with a Heat Index 
Above 105°F by Midcentury 



Historical 

No 

Action 

Slow 

Action 

Austin, TX 

5 

59 

42 

Baton Rouge, LA 

5 

57 

37 

Columbia, SC 

5 

37 

24 

Jackson, MS 

6 

52 

36 

Montgomery, AL 

4 

44 

29 

Oklahoma City, OK 

4 

43 

29 

Raleigh, NC 

3 

26 

16 

Tallahassee, FL 

5 

50 

32 


Historically , cities in the Southeast and Southern Great Plains 
regions have experienced fewer than a week’s worth of days with a 
heat index above 105°F in an average year. With no action or 
slow action to reduce global heat-trapping emissions, the sampling 
of cities shown here would experience at least quadruple the number 
of such days by midcentury. 


each state. While none of these states have experienced off- 
the-charts conditions historically, each is projected to experi¬ 
ence an average of between two and four such days annually 
by midcentury. 

Assuming no growth in population and no change in 
where people live, more than 17 million people in Florida 
and roughly 23 million people in Texas would be exposed 
to an average of 30 or more days per year with a heat index 
above 105°F with no action to reduce emissions. Historically, 
fewer than 50,000 people have been exposed to such frequent 
extreme heat in both states combined. 

Compared with the no action scenario, slow action to 
reduce emissions would reduce the number of days per year 
with a heat index above 100°F or above 105°F by an aver¬ 
age of two to three weeks per year in Arkansas, Louisiana, 
Oklahoma, and Texas—and by around three weeks per year in 
Florida. Roughly 5 million fewer Floridians and half a million 
fewer Texans would be exposed to 30 or more days with a 
heat index above 105°F. 

Florida could experience 
as many as 105 days with 
a heat index overl00°F. 
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Late-Century Results (2070-2099) 

THE NATION, WITH NO CLIMATE ACTION 

With no action to reduce heat-trapping emissions, the 
country would experience a two-fold increase in the average 
number of days with a heat index above 90°F; a four-fold 
increase in the average number of days per year with a heat 
index above 100°F; and a nearly eight-fold increase in average 


number of days with a heat index above 105°F, compared with 
the historical baseline (Figure 8). With this scenario, nearly 
two-thirds of the country would experience off-the-charts 
conditions at least once per year, on average. 

Compared with the historical average, the number of 
people exposed to multiple days with a heat index above 
105°F by late century would be staggering, assuming no 
growth in population or change in where people live 


FIG u R E 8. Frequency of Extreme Heat by Late Century Depends on the Choices We Make 


90°F+ 


100°F+ 


105°F+ 


Off the 
Charts 


Late Century No Action 



Late Century Slow Action 



Late Century Rapid Action 






Average Days per Year Do-i >>1-10 >>10-25 >>25-50 >>50-100 >>100-200 


The emissions choices we make in the coming decades will profoundly shape the frequency and severity of extreme heat later this century. 
With no action to reduce global emissions, the contiguous United States would face an average of twice as many days with a heat index above 
105°F in late century as it would with rapid action. 
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figure 9. Rapid Action Could Limit the Number of People Facing Frequent, Extreme Heat 


350 n 



No Action Slow Action Rapid Action 

B90°F+ HlOO°F+ Hl05°F+ ■ Off the Charts 


Warming between now and late century under all three scenarios analyzed would expose millions more US residents to seven or more days 
per year of extreme heat index conditions. Assuming no population change and with no action to reduce emissions, 100 million more people 
would experience seven or more days with a heat index above 105°F, compared with the rapid action scenario. 


(see Figure 9). Historically, fewer than 1 million people in the 
contiguous United States have experienced 30 or more days 
per year with a dangerously hot heat index above 105°F, and 
virtually none have experienced 60 or more such days per 
year. By late century, about 180 million—more than half the 
population—would experience 30 or more of these days, and 
more than 95 million people (nearly one-third of the popula¬ 
tion) would experience 60 or more such days per year. 

The number of people exposed to off-the-charts days 
is also projected to increase steeply. By late century, nearly 
120 million US residents—more than one-third of the popula¬ 
tion—would face a week’s worth of off-the-charts conditions. 
Historically, such conditions affect fewer than 2,000 people 
and occur only in our country’s hottest desert environment. 

By late century, 98 percent of urban areas in the country 
(469 out of 481) would experience an average of 30 or more 
days with a heat index above 90°F—nearly doubling the 
number that have experienced such conditions historically 
(see Figure 10). The spread of such conditions to cities such 

By late century , nearly 
two-thirds of the country 
would experience ojf-the- 
charts conditions in an 
average year. 


as Bangor, Maine; Duluth, Minnesota; and Portland, Oregon 
could fundamentally alter ways of life in places that today 
are—and through midcentury would be—refuges from the 
heat. Sixty percent of these urban areas, nearly 300 of 481, 
would experience 30 or more days per year with a heat index 
above 105°F. 

THE NATION, WITH RAPID ACTION TO REDUCE EMISSIONS 

Steep, rapid emissions reductions that result in future 
warming of 2°C or less would result in roughly half as many 
days with a heat index above 105°F nationwide, and about 
125 million fewer people would be exposed to a month 
or more of such conditions, compared with the no action 
scenario. If aggressive measures are taken to bring down 
global heat-trapping emissions, roughly 114 million people 
in the United States—the equivalent of the populations of 
California, Florida, Illinois, Pennsylvania, Texas, and Virginia 
combined—would avoid exposure to the equivalent of a week 
or more of off-the-charts conditions. 

While this future is one that would limit the impacts 
of extreme heat on US residents, it is still one that would 
be significantly warmer than today. Nearly 200 of the 481 
urban areas analyzed across the country would experience 
an average of 30 or more days per year with a heat index 
above 100°F, compared with just 29 urban areas historically. 
And 85 urban areas across the country—18 percent of those 
analyzed—would be exposed to 30 or more days with a heat 
index above 105°F, compared with just three historically. 
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FIG u R E 1 o. Urban Areas Face Frequent, Extreme Heat by Late Century 



Cities Experiencing Heat Index >105°F 

• More than 30 Days per Year 

O More than 30 Days per Year, Historically 

• Fewer than 30 Days per Year 



With rapid action to reduce global emissions and limit future warming to 2°C or less, more than 200 urban areas (cities with a population of 
50,000 or more) could avoid experiencing 30 or more days per year with a heat index above 105°F, compared with the no action scenario. 
With no action to reduce emissions, 292 urban areas would experience this level of extreme heat by late century. With rapid action, 85 would. 


REGIONAL HIGHLIGHTS 

Midwest and Northern Great Plains. With no global 
action to reduce emissions, days with a heat index above the 
90°F threshold, at which outdoor workers are increasingly 
susceptible to heat-related illness, would occur an average 
of more than 100 times per year in Indiana and Illinois, two 
states at the heart of the agricultural Midwest. Many states in 
this region—including Ohio, Illinois, Indiana, Iowa, Missouri, 
and Nebraska—would experience an average of 40 or more 
days per year with a heat index above 100°F (see Table 4 for 
findings about select cities). For each of those states (except 
Nebraska), on more than 30 of those days each year, the heat 
index would top 105°F. In parts of Missouri and the southern 
half of Illinois, the heat index would top 120°F for roughly 
one month’s worth of days per year (29), and the majority of 
those (20) would be off the charts. 

All of this adds up to very high levels of exposure to 
extreme heat for the residents of the Midwest and Northern 
Great Plains if there is no action to reduce global emissions. 
Historically, no people in these regions have experienced an 
average of 30 or more days with a heat index above 100°F. By 
late century, about 60 million people—including nearly the 
entire populations of Illinois, Indiana, Iowa, Missouri, and 
Ohio—would be exposed to such conditions in an average 
year, assuming no change in population size or distribution. 


table 4 Midwest and Northern Great Plains Cities Face 
Many More Days per Year with a Heat Index Above 
100°F by Late Century 



Historical 

No 

Action 

Rapid 

Action 

Chicago, IL 

3 

50 

17 

Columbus, OH 

1 

52 

16 

Fargo, ND 

1 

31 

8 

Indianapolis, IN 

3 

60 

22 

Lincoln, NE 

8 

67 

30 

Minneapolis, MN 

2 

42 

13 

Sioux Falls, SD 

2 

43 

13 

St. Louis, MO 

11 

82 

46 


With no action to reduce global heat-trapping emissions, cities 
throughout the Midwest and Northern Great Plains regions, 
including the sampling shown here, would experience dramatic 
increases in extreme heat by late century. In an average year, each of 
these cities would face the equivalent of one to three months with a 
heat index above 100°F. Rapid action to curb global emissions would 
reduce the number of days per year with a heat index above 100°F in 
most of the cities shown here by more than half. 
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The Midwest already suffers from extreme heat during the summer. Increasingly frequent and more severe heat conditions could threaten Midwestern agriculture, a 
regional economic lynchpin, as well as long-standing cultural traditions such as the county fair. Here, a boy cools down his cow in preparation for the Polk County Fair 
in Des Moines, Iowa, in 2011. 


Rapid action to reduce emissions would limit the number 
of extreme heat index days in the Midwest and Northern 
Great Plains, though both regions would still see a significant 
increase from historic averages. Even with aggressive action, 
the number of days per year with a heat index above 90°F 
would more than double for both the Midwest and Northern 
Great Plains, to an average of 56 and 32 days per year, respec¬ 
tively. The number of days with a heat index above 100°F 
would triple or more to an average of 22 and 8 days per year, 
respectively, for each region. 

Southeast, Southern Great Plains, and Southwest. Were 
we to take no action to reduce heat-trapping emissions, the 
Sunbelt, stretching from the Carolinas across the South to 
Southern California, would see the most dramatic and life- 
threatening jump in the frequency of high heat index days of 
all regions of the United States. Broad swaths of the Sunbelt 
are projected to experience an average of 100 or more days 
per year—the equivalent of more than three months—with a 
heat index above 100°F, whereas parts of southern Florida 


would experience 170 such days in an average year (see 
Table 5 for findings about select cities). In Mississippi and 
Louisiana the heat index would exceed 105°F for an average 
of 90 or more days per year statewide. Twenty-five or more 
of those days would have a heat index above 120°F. People in 
roughly half of Louisiana and a large band of eastern Texas 
could expect an average of 20 to 28 days per year of off-the- 
charts heat. 

In each of the Southeast and Southern Great Plains states, 
more than 90 percent of the population—almost 105 million 
people—would be exposed to 30 or more days with a heat index 
above 105°F were we to take no action to reduce emissions. 
Fewer than 50,000 people in these states have been exposed 
to such frequent extreme heat historically. These results sug¬ 
gest that when today’s children approach retirement, extreme 
heat in much of the Sunbelt region of the United States could 
render daily life challenging or even dangerous. Rather than 
continuing its trend of rapid population growth (US Census 
Bureau 2017) and attracting seasonal “snowbirds” from cooler 
climes, the region could see an exodus. 
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table 5. Sunbelt Cities Face More Frequent Days 
with a Heat Index Above 105°F in Late Century 



Historical 

No 

Action 

Rapid 

Action 

Dallas, TX 

8 

100 

48 

Fresno, CA 

3 

59 

18 

Jackson, MS 

6 

92 

37 

Memphis, TN 

6 

82 

39 

Montgomery, AL 

4 

84 

29 

Phoenix, AZ 

16 

97 

57 

Sarasota, FL 

2 

126 

47 

Topeka, KS 

5 

64 

25 


With no action to reduce heat-trapping emissions, cities throughout 
the Sunbelt region—stretching from the Carolinas to California— 
would, like the sampling shown here, face the equivalent of two to 
four months’ worth of days per year with a heat index above 105°F 
by late century. 


While higher-altitude regions within southwestern states 
are projected to be spared from the most extreme heat 


conditions, lower-altitude regions would be affected in 
unprecedented ways. The Central Valley region of California, 
for example, is projected to experience an average of more 
than 25 days per year with a heat index above 105°F. Across 
California, nearly 11 million people would be exposed to 30 
or more days with a heat index above 105°F in an average 
year. Given that the Central Valley produces 40 percent of the 
nation’s fruits and nuts, such changes could have profound 
impacts on the region’s agricultural workers and the country’s 
access to California-grown produce (USGS n.d.). Importantly, 
because the Southwest experiences a high degree of exposure 
to direct sunlight in the summer months, the heat index could 
be up to 15°F higher than that calculated in this analysis 
(OSHA n.d.). 

Assuming no change in population size or distribution, 
aggressive and rapid emissions reductions would lead to the 
exposure of more than 50 million people in the Southeast 
and Southern Great Plains regions to an average of 30 or more 
days with a heat index above 105°F. That would be a stag¬ 
gering increase, compared with the 50,000 people exposed 
to such conditions in those regions historically. However, it 
is roughly half the number of people who would be exposed 
to such conditions were we to take no action to reduce 
emissions. 



Farmworkers, like these strawberry pickers in California’s Central Valley in 2007, will face heightened risks with an increased number of days surpassing the worker- 
safety threshold of 90°F. Heat-related illness among farmworkers, already a significant threat, is almost certainly underreported, as many workers fear punitive 
action for reporting such incidents. 
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[chapter 5] 


Implications: How the Heat We Create Threatens 
Us All—but Some More Than Others 


For many people in the United States, the warm months are 
spent outdoors—enjoying weekend backyard barbeques; 
going to the park; taking day trips to the beach, lake, or public 
pool; waiting in line at the ice cream stand on a muggy eve¬ 
ning. However, a growing number of us also spend summer 
days and nights waiting out the heat at home, in malls, at 
movie theatres, and even in cooling centers, as temperatures 
rise and heat advisories caution us to stay indoors. And some 
of us must spend those days working outdoors and swelter¬ 
ing in homes without air-conditioning. With both heat and 
population on the rise, 12 we can expect many more people to 
be harmed. But some are more vulnerable to heat today and 
would be exceptionally so in an overheated future. Here, we 
outline some of the implications for key overlapping seg¬ 
ments of the US population. 


Outdoor Workers 

With the number and intensity of hot days projected to climb 
steeply across much of the United States even by midcentury, 
millions of outdoors workers already at elevated risk of heat 
stress—including construction workers, farmworkers, land¬ 
scapers, military personnel, police officers, postal workers, 
road crews, and others—would face greater challenges. 

Construction workers, who currently account for about 
one-third of occupational heat-related deaths and illnesses, 
may be at particular risk (Morris et al. 2019; Gubernot, 
Anderson, and Hunting 2015). For example, Texas and 
Florida, two states with some of the highest proportions of 
people employed in the construction sector, are poised to 
experience an additional month’s worth—or more—of days 


With the number and 
intensity of hot days 
projected to climb steeply , 
millions of workers 
already at elevated risk 
of heat stress would face 
greater challenges. 

with a heat index above the worker-safety threshold of 90°F 
in an average year by midcentury (BLS 2018). 

Similarly at risk are those employed in the agriculture, 
fishing, forestry, and hunting sectors, which account for about 
20 percent of heat-related deaths and about 10 percent of 
heat-related illnesses reported to the Occupational Safety and 
Health Administration (OSHA) (Morris et al. 2019; Gubernot, 
Anderson, and Hunting 2015; OSHA n.d.). These workers will 
experience more risk even by midcentury. Much of this outdoor 
work, including agricultural work and roofing, requires being 
in direct sun, often for extended periods of time. Exposure to 
direct sun can raise heat index values by as much as 15°F. 

Within this sector, migrant farmworkers face significant 
barriers to preventing heat-related illness. These workers often 
lack access to regular breaks, shade, medical services, health 
insurance, and training in prevention techniques (Fleischer 
et al. 2013; Rosenbaum et al. 2005). Despite clear risks, some 
agricultural business models make occupational heat-related 
injury and illness more likely by creating incentives for 
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workers to push themselves beyond safe limits. For example, 
farmworkers are often paid by the amount they harvest, which 
incentivizes them to skip breaks and overexert themselves 
(Gubernot, Anderson, and Hunting 2015). Heat-related illness 
is almost certainly underreported among migrant farmworkers, 
as they are less likely to report their symptoms to supervisors 
and more likely to self-treat (Bethel and Harger 2014; Jackson 
and Rosenberg 2010). One reason for the underreporting is 
that noncitizens or undocumented workers may fear punitive 
action upon reporting a workplace injury or illness and have 
little to no recourse (North 2016; Fussell 2011). 

Evidence suggests that, in addition to direct health 
impacts, increasingly extreme heat has already reduced 
global labor capacity, as it is more difficult to do the heavy 
work associated with industries such as agriculture and 


Many of these outdoor 
jobs require being in 
direct sun , often for 
extended periods of time. 

construction when it is extremely hot (Kjellstrom et al. 

2016; Dunne, Stouffer, and John 2013). Continued warming 
throughout the 21st century is projected to further reduce 
labor capacity and productivity (Kjellstrom et al. 2016; 
Dunne, Stouffer, and John 2013). By the year 2100, estimates 
for the no action scenario suggest that lost labor hours would 
represent more than $170 billion in lost wages (EPA 2015). 




Work proceeds on this Kansas highway in July 2016 as temperatures rise to 102°F. Outdoor workers suffer higher rates of heat-related illness and death during 
extreme heat events. Some jobs, such as construction and landscaping, require long hours in direct sun or in hot protective gear, which necessitates additional 
precautions to keep workers safe. 
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City Dwellers 


Our results show that even by midcentury, cities throughout 
the country can expect frequent, intense heat to a degree that 
is historically unprecedented. These increases in urban heat 
will likely be compounded by the heat-exacerbating charac¬ 
teristics of city environments, known collectively as the urban 
heat island effect. In addition to experiencing the effects of 
global temperature increases, cities tend to be hotter than 
the surrounding area on any given day because they contain 
relatively fewer shade-providing trees and an abundance 
of heat-retaining materials and surfaces, such as asphalt, 
cement, and pavement (UCAR 2011). The extra heat absorbed 
during the day is then re-radiated at night, keeping air tem¬ 
peratures in urban areas up to 22°F warmer than their sur¬ 
roundings (EPA 2019). Moreover, nighttime air-conditioning 
releases additional heat into the city environment (EPA 2019; 
Salamanca et al. 2014). 

During heat waves, the urban heat island effect can be 
particularly harmful, as it reduces or eliminates the cooler 
hours when people can get physical and mental relief (Stone, 
Hess, and Frumkin 2010; Rosenzweig et al. 2005). Not 
surprisingly, violent crime often spikes in cities during heat 
waves (Schinasi and Hamra 2017; Mares 2013). While this 
analysis only examined daily maximum heat index values, 
nighttime conditions—when the heat index is most likely to 
be at a minimum—are particularly important in determining 
the overall health impacts of an extreme heat event in cities. 

Because of the urban heat island effect, heat-related 
death rates have been generally higher in urban areas than 
in rural areas (Seltenrich 2015). With future climate change, 
nighttime temperatures are projected to warm faster than 
daytime temperatures, and more people are projected to 
be exposed to heat stress in urban areas than in rural areas 
(Andrews et al. 2018). Recent heat and population projections 
for 49 US cities show that without additional adaptation or 
acclimatization, a no action scenario would result in an addi¬ 
tional 9,300 heat-related deaths across the country annually 
(USGCRP 2018). 


Cities tend to be hotter 
than surrounding areas, 
which increases the risk 
of heat-related illness 
for urban residents during 
heat waves . 



Keeping cool on extremely hot days can be especially hard for city dwellers. 
Urban neighborhoods, especially poorer ones, often lack tree cover, green space, 
and other places to retreat from the heat. Here, children cool off in an inflatable 
pool during a heat wave in New York City in 2011. 


Cities also contend with high levels of ground-level 
ozone pollution, which are worsened during hot weather, 
leading to spikes in hospital admissions for respiratory illness 
(Bernstein and Rice 2013). Ground-level ozone is created 
when heat triggers chemical reactions between some of the 
common pollutants associated with electric utilities, indus¬ 
trial facilities, and vehicles (Martin Perera and Sanford 2011). 
As temperatures rise, ozone concentrations are projected to 
rise as well, and the health consequences of ozone exposure- 
including the exacerbation of asthma and other respiratory 
diseases—are expected to worsen (Martin Perera and Sanford 
2011; Jacob and Winner 2009). As with exposure to extreme 
heat on its own, children, elderly adults, and people with 
underlying health conditions are among the most susceptible 
to illness and premature death when ozone levels rise (Martin 
Perera and Sanford 2011). 

Because the effects of the urban heat island effect and 
ozone levels are not represented in these results, this analysis 
may underestimate the threat of extreme heat to city dwellers 
(Fischer, Oleson, and Lawrence 2012). 
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Rural Residents 

The high heat index conditions we project in places such as 
eastern Kentucky, western Kansas, and many swaths of rural 
America pose a serious threat to the health and quality of 
life of rural residents. While studies suggest people in urban 
areas generally have a higher risk of he at-related illness than 
do rural residents, rural areas in the South and West have 
some of the country’s highest heat-related hospitalization and 
death rates (Seltenrich 2015; Berko et al. 2014). 

Rural counties employ higher percentages of people in 
farming and construction than do urban counties (BEA 2017; 
US Census Bureau 2010b). 13 The prevalence of outdoor labor 
and lower access to and usage of air-conditioning in rural 
settings may elevate these risks for some rural populations 
(Hess, Saha, and Luber 2014). Distance to health care and 
cooling facilities, and lack of health insurance may contribute 
to delays in seeking and receiving care, and can lead to wors¬ 
ened heat illness (Cheeseman Day 2019; Schmeltz et al. 2015). 

In addition to impacting health, heat extremes affect the 
economy of rural areas, as both crop and livestock production 
decline with extreme temperatures (Gowda et al. 2018; Key, 
Sneeringer, and Marquardt 2014; Lobell et al. 2013). Dairy 
livestock are particularly sensitive to heat stress. As a result, 
heat stress currently costs the average US dairy an estimated 
$39,000 annually—a cost that is projected to increase with 
future warming (Key, Sneeringer, and Marquardt 2014). 


People and Neighborhoods with Low Income 
or Experiencing Poverty 

Even within a given setting, such as a city, vulnerability to 
heat is not equally distributed (Harlan et al. 2013; Reid et al. 
2009; Harlan et al. 2006). Centuries of social discrimination 
and subsequent uneven opportunities for economic advance¬ 
ment have forced part of our population—disproportionately 
minorities and people experiencing poverty—into a state of 
heightened exposure and vulnerability to climate-related 
threats (Harlan et al. 2019). US residents who are not white, 
have low or fixed incomes, are homeless, and those in other 
historically disenfranchised groups are particularly at risk 
of heat-related illness and injury for a multitude of reasons, 
including lack of access to air-conditioning or transporta¬ 
tion to cooling centers and residence in the hottest parts of 
cities (Hayden et al. 2017; Schmeltz, Petkova, and Gamble 
2016; Schmeltz et al. 2015; Harlan et al. 2013; Fiscella et al. 
2000). The 1995 Chicago heat wave claimed the lives of more 
than 700 people (Davis et al. 2003) and is seen as not simply 
a natural disaster, but a societal one as well, with isolated, 


elderly African Americans suffering a disproportionate death 
toll because they were unable to flee overheated, non-air- 
conditioned apartments (Klinenberg 2002). 

With one in three households in the United States already 
struggling to afford the cost of energy and few state-level 
policies banning utility disconnection during extreme heat 
events, the inability to pay for air-conditioning also raises the 
risk of heat-related illness for low-income people and families 
(LIHEAP 2019; USEIA 2018). Socioeconomic status is consis¬ 
tently identified as a factor in heightened heat health risk (Li 
et al. 2015; Seltenrich 2015; Curriero et al. 2002). 


People Exposed to Other Extremes 

On its own, an extreme heat event can be deadly, but for 
those who live in areas prone to other natural disasters—such 
as flooding, hurricanes, and wildfires—extreme heat can 
heighten risks even further. As frequent and extreme heat 
conditions expand to claim more, and then most, of the coun¬ 
try, they could overlap with disasters, with potentially com¬ 
pounding effects. For example, even relatively short power 
outages in the wake of a hurricane can prove fatal when they 
occur during high heat index days, as happened in the wake 
of Hurricane Irma. In the days following Irma’s landfall in 
Florida, the heat index hovered around 100°F; 14 widespread 
power outages and the subsequent lack of air-conditioning 
were implicated in 17 heat-related deaths (Issa et al. 2018; 
Weather Underground 2017), including those of 14 elderly 
residents of one particular nursing home (Cangialosi, Latto, 
and Berg 2018). 



During weather-related disasters, power outages—and thus loss of air- 
conditioning—are common. When they coincide with extreme heat, the situation 
can quickly become life-threatening. Here, a woman is evacuated from her 
assisted living facility in Orange, Texas, during Hurricane Harvey in 2017. 
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[ CHAPTER 6 ] 


Our Challenge and Our Choices: Limiting Extreme 
Heat and Its Accompanying Harm 


The implications of this analysis are profound: in many places 
around the nation, extreme heat will lead to an increase in 
deaths or illnesses, disrupt long-standing ways of life, force 
people to stay indoors to keep cool, and perhaps even drive 
large numbers of people away from places that become too 
unpleasant or impractical to live. Outdoor work and play 
would need to be severely curtailed during the summer 
months. Power grids could be severely strained. Air and rail 
travel could be disrupted. Other impacts associated with 
heat—such as water stress, wildfires, agricultural losses, and 
ecosystem changes—would become more frequent or severe. 

Our communities'—and our country’s—ability to cope 
with extreme heat depends on our level of resilience to 
that heat and its consequences. The degree to which we are 
unprepared for the damaging effects of climate change—such 
as days with potentially lethal heat—has been called the 
“climate resilience gap” (Spanger-Siegfried et al. 2016). 
Addressing that gap for extreme heat will require both adap¬ 
tation to our warmer world and mitigation of the warming 
itself. It will require us to invest in commonsense measures 
to better protect people’s health, their livelihoods, and our 
nation’s critical infrastructure while contributing to global 
emissions reductions that limit the magnitude of future 
heat extremes. Only by doing so in an equitable manner that 


addresses long-standing socioeconomic problems can we 
truly close the resilience gap. 

We also face a clear choice: our analysis shows that 
making swift and deep cuts in global carbon emissions will 
significantly constrain the amount of future warming with 
which we will need to contend. The emissions paths before 
us create radically different heat futures. We need to choose 
the one that limits the worst impacts. 

The more we allow extreme heat to rise in frequency and 
severity, the more it will disrupt our lives and drive larger 
socioeconomic and ecosystem shifts. Many of the profound 
climate threats we face will require bold and visionary solu¬ 
tions. But many of the choices we face today that would help 
keep people safe, maintain economic prosperity, transition to 
a low-carbon economy, and advance equitable outcomes are 
practical and clear. 

Keeping People Safe from Extreme Heat 

To help keep people safe, especially those most vulnerable to 
the effects of extreme heat, we need to ramp up our public 
health apparatus to preempt and respond to heat risks. Heat 
warning systems and protective measures based on public 


[ We must act to reduce heat-trapping 
emissions in order to help keep 
people safe as temperatures rise. 
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health guidance are vital. These measures should also address 
health problems associated with and exacerbated by hot, 
stagnant air and ground-level ozone pollution (a compound 
risk not included in our analysis). To increase protection 
against extreme heat, the following actions should be taken: 

1. The federal government must invest in scientific re¬ 
search, data, tools, and public communication related to 
extreme heat risks and protective actions, including fully 
implementing the NWS Weather-Ready Nation Strategic 
Plan (NOAA 2019; EPA 2016). This should include: a na¬ 
tional extreme heat early warning system; research into 
and development of heat metrics supported by public 
health research that are applicable to the full range of 
future temperatures; a national system for systematic 
tracking of reliable data on extreme heat and heat-related 
illness; 15 close coordination across federal agencies— 
including the Centers for Disease Control and Preven¬ 
tion, the Department of Agriculture, the Department of 
Health and Human Services, the Department of Labor, 
the Department of Transportation, the Environmental 
Protection Agency, and the National Oceanic and Atmo¬ 
spheric Administration—to help plan, resource, and im¬ 
plement resilience measures well ahead of and during 
heat emergencies; support for state and local efforts to 
build resilience to extreme heat; and targeted interven¬ 
tions for vulnerable populations. 

2. State and local governments will need to invest in devel¬ 
oping localized heat adaptation plans and heat emergen¬ 
cy response plans, 16 especially in places that are 
unaccustomed to heat but will increasingly be at risk. 
These plans should specifically respond to the challenges 
posed by climate change, including modifying heat early 
warning systems iteratively to improve their effective¬ 
ness (Hess and Ebi 2016). The plans should: identify 
high-risk populations—such as elderly adults, people 
who are disabled or homeless, and other particularly vul¬ 
nerable or disadvantaged groups—and include a strategy 
for outreach to them; set up local warning systems; estab¬ 
lish guidance on heat safety standards for outdoor activi¬ 
ties at schools and athletic events, and for outdoor work; 
include information about cooling centers and energy 
cost assistance programs; and be developed in coordina¬ 
tion with local stakeholders, community leaders, emer¬ 
gency responders, and health care and power providers. 
Some cities and states already have plans or are develop¬ 
ing them. Efforts such as the Los Angeles Urban Cooling 
Collaborative, the Philadelphia Hot Weather-Health 
Watch/Warning System, and the Phoenix HeatReady 


Heat warning systems 
and protective measures 
based on public health 
guidance are vital 

City program could serve as models for other places 
(Phoenix 2019; Tree People 2019; Kalkstein et al. 1996). 

3. Federal and state governments should expand funding 
for programs to provide cooling assistance to low- and 
fixed-income households, especially for elderly people 
and those with medical conditions that may be worsened 
by extreme heat. This funding could include financial 
incentives such as grant programs, rebates, and tax cred¬ 
its for purchasing air conditioners; grants for energy ef¬ 
ficiency improvements; and help with paying energy bills 
through the Low Income Home Energy Assistance Pro¬ 
gram and state and community-level cooling programs. 17 
Bill assistance programs and other help should be tar¬ 
geted to households in need—with simplified, accessible 
instructions translated into locally relevant languages 
and streamlined administrative requirements. 

4. State utility regulators and legislators should require util¬ 
ities to provide uninterrupted power service for resi¬ 
dents—especially elderly adults, sick people, and people 
with disabilities—during periods of extreme heat. Stan¬ 
dards based on public health data should be set for heat 
emergencies, and utility disconnection banned during 
those times for any reason, including nonpayment of bills 
(NAACP 2017). 18 Disconnect policies currently vary by 
state; some states do not have protections in place for 
periods of extreme heat. 19 

5. Congress should direct OSHA to set health-protective 
national occupational heat standards for outdoor and 
indoor workers under the Occupational Safety and 
Health Act. Such standards can be based on 2016 recom¬ 
mendations from the National Institute of Occupational 
Safety and Health (Jacklitsch et al. 2016). While OSHA 
has general guidance for employers to protect their 
workers when the heat index is high 20 —and California, 
Minnesota, and Washington have set enforceable stan¬ 
dards—mandatory national standards are urgently need¬ 
ed. Heat-related guidance for the US military may also 
need to be updated in light of growing heat risks (Lilley 
2017; Hunt et al. 2016). 
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During a stretch of record-breaking heat in Baltimore, Maryland, in June 2011, city officials designated facilities—such as this senior center—as cooling stations. To 
keep people safe during increasingly frequent and severe extreme heat events, local heat adaptation and emergency response plans must include information about 
cooling centers. 


Investing in Heat-Smart Infrastructure 

While this analysis has focused on heat as it relates to 
people’s health and safety, the infrastructure we rely on is 
also subject to heat-related stresses, including road surfaces 
and airport runways melting, railway tracks buckling, homes 
and other buildings becoming dangerously hot, electricity 
being disrupted because of power grid equipment failures 
or increased power demand, and air travel being disrupted 
because extreme heat can affect the upward aerodynamic 
force or lift that planes need to take off (Borenstein and 
Koenig 2017). Infrastructure stressed by heat directly and 
indirectly affects our health and livelihoods. The infrastruc¬ 
ture investments we make henceforth need to reflect this 
threat and increasingly protect our households, communi¬ 
ties, and economies against it. To achieve this, the following 
actions should be taken: 

1. Federal and state agencies and private companies should 
develop climate-resilient design standards and invest in 


We must consider the 
threat of extreme heat 
when investing in our 
infrastructure . 

upgrading critical infrastructure to meet these standards 
(Rogers Gibson 2017). This includes heat-resilient stan¬ 
dards for public buildings, facilities, and critical infra¬ 
structure; transportation infrastructure, such as 
highways, rail, and airports; and energy infrastructure, 
such as the power grid. 

2. The federal government should upgrade public housing 
to account for projections of extreme heat, and the Fed¬ 
eral Housing Administration should set minimum cool¬ 
ing standards for public housing properties, similar to the 
2016 Minimum Heating Standards. 21 
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3. Congress should expand federal grants and state revolv¬ 
ing loan programs for state and local infrastructure ini¬ 
tiatives that build heat resilience and increase energy 
efficiency, including investing in cool roofs and pave¬ 
ments, urban forestry and creation of shade, cooling cen¬ 
ters, retrofitting of schools and other public spaces to 
enhance cooling, and programs to help buy new air con¬ 
ditioners or replace older, less efficient ones. 

4. Designers, planners, and building owners should invest 
in buildings and communities with climate-smart design 
features, such as passive cooling, shading and trees, and 
cool roofs that keep spaces comfortable without drawing 
on large additional energy use. These features are espe¬ 
cially vital in urban areas that suffer additionally from 
the urban heat island effect and should be prioritized in 
neighborhoods with large vulnerable populations that 
have had a historical deficit in green spaces and tree cov¬ 
er. Innovative public-private partnerships, such as the 
Los Angeles Urban Cooling Collaborative, can serve as a 
model for these types of efforts (Tree People 2019). 

Investing in Climate-Smart Power Systems 

Coping with rising heat will require significant increases in 
power demand for cooling. Investments in low-carbon, energy- 
efficient power systems, appliances, and design features can 
help cut heat-trapping emissions and other pollutants while 
providing access to affordable, reliable ways to help cool 
homes and businesses. The following actions should be taken: 

1. Federal, state, and local authorities should set standards 
and provide incentives for utilities, businesses, and 
homes to increase reliance on renewable energy, energy 
efficiency, energy storage, and microgrids. These resourc¬ 
es can help limit power outages during extreme heat 
events, curb heat-trapping emissions, and limit spikes in 
power prices. They also lead to less localized air pollu¬ 
tion and associated health problems, for example, by 
helping to replace polluting natural gas “peaker” plants. 22 

2. The federal government should increase efficiency stan¬ 
dards for refrigerators and air conditioners and imple¬ 
ment regulations to phase out use of hydrofluorocarbons, 
which are powerful heat-trapping gases used in these 
appliances, as agreed under the Kigali Amendment to the 
Montreal Protocol. 

3. Utilities should implement flexible demand solutions 
that help shift demand away from times of peak energy 
consumption, such as that which might occur during ex¬ 
treme heat days (McNamara, Jacobs, and Wisland 2017). 


Time-of-use electricity rates, for example, vary the rates 
customers pay depending on the typical level of demand 
during different hours of the day. 

4. Utilities should invest in increasing the resilience of the 
electricity system by protecting generation, transmission, 
and distribution systems from heat-related threats, such 
as droughts and wildfires. This includes investing in 
backup power supplies—preferably from storage and mi¬ 
crogrid solutions rather than polluting diesel generators 
or other fossil fuel sources—to reduce the length of or 
prevent power outages. State utility regulators should 
require utilities to include resilience planning as part of 
their integrated resource plans. 

Putting the Nation on a Rapid Path to 
Reduced Emissions 

If we are serious about keeping people safe in the long term 
from extreme heat, the most consequential thing the world’s 
wealthiest nations (including the United States) can do is 
make deep cuts in our heat-trapping emissions and continue 
to implement and strengthen the Paris climate agreement. 

We already know the path to a low-carbon economy: it 
includes transitioning our energy system to low-carbon energy 
sources; ramping up energy efficiency; electrifying as many 
energy systems as possible across the transportation, build¬ 
ings, and industrial sectors; and investing in land use and for¬ 
est management practices that help store carbon in soils, trees, 
and vegetation. To give ourselves the best chance of keeping 
global average warming below 3.6°F (2°C), in line with the 
goals of the Paris Agreement, the United States must invest in 
these and other bold solutions alongside robust global action, 
to get to net-zero carbon dioxide (C0 2 ) emissions by midcen¬ 
tury (IPCC 2018; White House 2016; Rogelj et al. 2015). 

To make these deep emissions cuts, the United States 
should implement a suite of federal and state policies, including: 

1. An economywide price on carbon to help ensure that the 
costs of climate change are incorporated into our produc¬ 
tion and consumption decisions and encourage a shift 

The most consequential 
thing the world’s 
wealthiest nations can do 
is make deep cuts in our 
heat-trapping emissions . 
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away from fossil fuels to low-carbon energy options. Rev¬ 
enue from carbon-pricing policies can be used to support 
investments in energy efficiency low-carbon technologies, 
adaptation, energy rebates for low-income families, and 
transition assistance for fossil fuel-dependent workers 
and communities 

2. A low-carbon electricity standard that helps drive more 
renewable and zero-carbon electricity generation and 
helps deliver significant public health and economic 
benefits 

3. Policies to cut transportation sector emissions, including 
increasing fuel economy and heat-trapping emissions 
standards for vehicles (UCS 2016); increased investment 
in low-carbon public transportation systems, such as rail 
systems; replacing gas-powered public bus fleets with 
electric bus fleets; incentivizing deployment of more 
electric vehicles, including through investments in charg¬ 
ing infrastructure; and research on highly efficient con¬ 
ventional vehicle technologies, batteries for electric 
vehicles, cleaner fuels and emerging transportation 
technologies 

4. Policies to cut emissions from the buildings and indus¬ 
trial sectors, including efficiency standards and electrifi¬ 
cation of heating, cooling, and industrial processes 

5. Policies to increase carbon storage in vegetation and 
soils, including through climate-friendly agricultural and 
forest management practices 

6. Investments in research, development, and deployment 
of new low-carbon energy technologies and practices 

7. Measures to cut emissions of methane, nitrous oxide, and 
other major non-C0 2 heat-trapping emissions 

8. Policies to help least developed nations make a rapid 
transition to low-carbon economies and cope with the 
impacts of climate change 

While emissions reductions must be our first-line solu¬ 
tion to limiting climate change, scientific studies show that 
to meet the goals of the Paris Agreement, we will likely also 
need to deploy “carbon dioxide removal (CDR) technologies,” 
a term used to describe a range of options to actively remove 
C0 2 from the atmosphere (IPCC 2018. 23 It is vital that we 
establish policies and governance frameworks to ensure that 
policymakers, scientists, private companies, and other stake¬ 
holders have a thorough understanding of the costs, benefits, 
uncertainties, and potential harms associated with various 
CDR options, and that we invest in the research needed to 
make informed decisions. Engagement with a diverse set 
of stakeholders who would be affected by the use of such 


strategies should occur ahead of making any major decisions 
or large investments. 

Effectively closing the climate resilience gap will require 
us to acknowledge and prepare for the scale of the problem 
that lies ahead while working to limit its future magnitude by 
transitioning to a low-carbon economy. In the years to come, 
we will need to find ways to adapt to and cope with extreme 
heat through just and equitable policies. Collaborations among 
federal, state, and local governments, the private sector, and 
community-based groups will be vital to ensuring the safety 
of all people as the risks of extreme heat grow. At the same 
time, and critically, the United States must also play a leader¬ 
ship role in contributing to global efforts to sharply limit 
heat-trapping emissions and in helping communities around 
the world cope with the dire consequences of climate change. 

We have precious little 
time to substantially 
reduce emissions in order 
to limit future warming. 

Holding the Line against an Unrecognizably 
Hot Future 

Our analysis points to a future in which dangerous, even 
deadly heat becomes a regular occurrence for most parts of 
the country from April through October. Even in scenarios 
with significant emissions reductions, a consequential amount 
of warming is projected between now and midcentury. 

But we can hold the line against an unrecognizably hot 
US future—against heat that for large parts of the year con¬ 
fines childhood to the safety of air-conditioned rooms, shifts 
much more of our lives and activities indoors, makes outdoor 
jobs life threatening, and compounds the strain faced by soci¬ 
ety’s most vulnerable groups. 

As the most recent report by the Intergovernmental 
Panel on Climate Change makes clear, we have precious little 
time to substantially reduce emissions in order to limit future 
warming to less than 3.6°F (2°C) (IPCC 2018). And as this 
analysis brings into focus, if we fail to act or act too slowly, the 
children of today, across swaths of the country, could reach 
retirement in a world where simply spending time outdoors 
in the warm months is an intolerably risky health hazard. 

And for their children, even greater risks would be mounting. 
The future heat caused by unchecked emissions would bring 
relentless health emergencies, public health crises, and nec¬ 
essary changes to where, and how, we live. 
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Poised to inherit a potentially stark future, today’s youth demand and deserve a response from those whose actions have contributed to a hotter, more dangerous future. 


Many consequences of climate change will be difficult 
to forestall or avoid. But with rapid action, extreme heat 
is among the most avoidable. Actions we take now to curb 
warming can help contain the future scale of the problem and 
bolster our ability to cope and adapt. Every 10th of a degree 
of warming we prevent globally would mean dangerously hot 
days avoided on the ground, in our lifetimes. 

Our future promises a hotter climate; there is no avoid¬ 
ing that basic outcome. It is not a future the children of 


the 21st century would choose for themselves. The rest of 
us chose for them. We now face another choice: to protect 
what we can of that future and ensure it is recognizable and 
safe for today’s children and youth as they live out their 
lives. Or to let us all, but especially them, face the gravest 
consequences of the course we have set. The people who will 
inhabit and steward this rapidly changing century deserve 
our hardest, most ambitious work today to hold the line and 
defend the future. 


[ We now face a choice: to protect what we can 
of the future for today’s children and youth, 
or to let them face the gravest consequences 
of the course we have set 
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[appendix] 


Methodology 


What Models Did We Use in This Analysis? 

This analysis uses a set of 18 climate models to project 
changes in the heat index in the coming decades. Each 
model was originally developed to cover the whole globe 
at a low resolution and was part of the fifth Coupled Model 
Intercomparison Project. Abatzoglou and Brown (2012) then 
statistically downscaled the models using the Multivariate 
Adaptive Constructed Analogs method (MACA) to cover 
the contiguous United States at a much higher resolution 
and optimized them to best match the climate of the United 
States. We used these downscaled models in this analysis. 

What Emissions Scenarios Did We Use? 

Each model was run with two different future emissions 
scenarios: the no action (RCP 8.5) scenario, under which 
no substantial reductions in emissions are pursued through 
late century, and the slow action (RCP 4.5) scenario, under 
which emissions start to decline around midcentury. To 
construct the rapid action scenario, we used results from 
the slow action (RCP 4.5) scenario for the years 2046-2065 
from each model, when global average warming is projected 
to reach 2°C above pre-industrial temperatures (IPCC 2013). 
Depending on how global emissions change over time, this 
2°C future could be reached as early as about 2055 or as late 
as the year 2100 (IPCC 2018). 


How Did We Project Days with Extreme 
Heat Index Values? 

We used daily maximum temperature and daily minimum 
relative humidity output from the downscaled models to 
calculate the maximum heat index for each day in the warm 
season between 2006 and 2099, as these two variables were 
shown to have the best fit to observations of daily maximum 
heat index (Dahl et al. 2019). 

For each model's daily heat index projections, we cal¬ 
culated the number of days with a heat index above 90°F, 
100°F, or 105°F, as well as the number of off-the-charts days 
for which a heat index cannot be reliably calculated. We then 
took the average for each model over a 30-year midcentury 
period, covering the years 2036-2065, and a 30-year late- 
century period, spanning 2070 to 2099. Finally, we averaged 
the results from all the models for each time period. The 
results presented throughout this report represent the multi¬ 
model average for each time period and scenario. 

What Are the Key Caveats, Limitations, 
and Assumptions? 

This analysis is intended to provide insight into the nature 
and impacts of extreme heat across the contiguous United 
States as our climate changes. When applying these results to 
any location or population, a number of limitations should be 
considered: 
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The heat index is based on physiological assumptions to 
assess the impacts of hot and humid weather on humans. 
Variations in clothing thickness, height, weight, age, 
health, and physical activity are not accounted for in the 
heat index calculation (Steadman 1979a). The index also 
does not include wind speed, cloudiness, shade levels, 
or any other factors, although those are known to affect 
heat-related impacts. 

The MACA methodology is intended to capture climate 
extremes. A different climate downscaling technique 
(e.g., Localized Constructed Analogs) could produce dif¬ 
ferent results. 

The results we report are averages over 30-year periods. 
Because substantial warming is projected to occur over 
the course of those periods, the number of extreme heat 
index days is likely to be lower than the reported aver¬ 
ages at the beginning of each 30-year period and higher 
at the end. 

We present multi-model averages throughout this report. 
Results from the individual models encompass a range of 
potential futures for each time period we examined. For 
more information, see Dahl et al. (2019). 

We have not examined daily minimum heat index, 
which typically occurs at night and strongly influences 
incidences of both heat-related illness and heat-related 
death (Oleson et al. 2015, Basara et al. 2010, Karl and 
Knight 1997). 

We examine only the total of individual heat days, 
although the duration of a given heat event is an 
important factor in shaping an event’s resulting health 


impacts (Guirguis et al. 2013; Anderson and Bell 2011; 
Meehl 2004). This tends to make our characterization of 
the health impacts of these results conservative. 

Because the unique characteristics of urban areas and the 
associated urban heat island effect are not included in the 
climate models we used in this analysis, our results likely 
underestimate the number of high heat index days in cit¬ 
ies. Similarly, our projections do not consider future urban 
development or land-cover changes that would influence 
future heat extremes. This analysis, therefore, likely under¬ 
estimates the number of high heat index days in cities. 

Statistics for the number of people exposed to extreme 
heat conditions are based on 2010 Census statistics and 
assume no growth in population or change in distribution 
(CIESIN 2017; US Census Bureau 2010a). When tabulat¬ 
ing population exposure, we used a gridded, Census- 
based population dataset (CIESIN 2017). 

We do not consider acclimatization or adaptation. Health 
impacts are affected by individual acclimatization (physi¬ 
ological adaptation and/or behavioral changes) and 
external adaptive measures, such as air-conditioning, 
which can help reduce exposure and vulnerability to heat 
and lower rates of heat-related illnesses and mortality 
(Vaidyanathan et al. 2019; USEIA 2018). There are, how¬ 
ever, limits to the human ability to adapt to heat (Pal and 
Eltahir 2016). 

We do not assess different exposures in vulnerable sub- 
segments of the population due to socioeconomic status, 
lack of resources for adaptation, or physiological inability 
to acclimatize. 
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[ ENDNOTES ] 


1. Conditions considered extreme in one place may not be consid¬ 
ered extreme in another. For example, a day with a heat index 
of 105°F would be extreme in Maine, but less so in Arizona. For 
more information on how extreme heat can be defined, refer to 
UCS (2018). 

2. There are significant efforts currently underway to reduce 
emissions. However, the no action scenario implies a business- 
as-usual emissions path in which such emissions reductions are 
outweighed by increases. 

3. US results presented here apply to the 48 contiguous states only. 

4. All population statistics presented here are based on 2010 Cen¬ 
sus data for the contiguous United States. These results assume 
no growth or movement of the US population from one location 
to another. 

5. The heat index is not the only metric used to measure the effect 
of heat on the human body. Others include wet-bulb globe tem¬ 
perature, net effective temperature, and humidex, which is used 
by Canadian meteorologists (WMO and WHO 2015). These 
metrics all incorporate temperature and humidity in some way, 
but they differ in how or if they account for other factors, such 
as radiation and wind speed. 

6. In 2018 the NWS Western Region adopted a new approach to 
measuring heat conditions called HeatRisk, which shifts away 
from heat index thresholds. HeatRisk provides a continuous 
seven-day forecast of heat conditions that could affect vulner¬ 
able groups and is intended to complement the official NWS 
heat alert system. HeatRisk accounts for the local significance of 
a given temperature, time of year, duration of a heat event, and 
the risk of health-related complications from heat (NWS 2018). 

7. Projections based on a suite of climate models are considered 
more robust than those based on a single model (e.g., Zhao et 
al. 2015). Even when run with the same conditions, different 
models will return different results because each climate model 
is unique. A 30-year period, as used here, is considered a clima¬ 
tological average. Warming trends occur within each 30-year 
period. Thus, the number of high heat index days will tend to be 
lower at the start and higher at the end of each 30-year period. 

8. See endnote 2. 

9. If our current rate of warming continues, global average tem¬ 
peratures would rise to 2°C above pre-industrial levels in the 
2060s (IPCC 2018). Aggressive emissions reductions that slow 
the pace of warming could prevent warming to the 2°C level 
even by the end of the century. 

10. This analysis uses regions of the United States as defined in the 
Fourth National Climate Assessment (USGCRP 2018). The fol¬ 
lowing states (along with the District of Columbia) are included 
in each region: Northeast—CT, DC, DE, MA, MD, ME, NH, NJ, 
NY, PA, RI, VT, WV; Northern Great Plains-MT, ND, NE, SD, 
WY; Northwest—ID, OR, WA; Midwest-IA, IL, IN, MI, MN, 

MO, OH, WI; Southeast-AL, AR, FL, GA, KY, LA, MS, NC, SC, 
TN, VA; Southwest-AZ, CA, CO, NM, NV, UT; and Southern 
Great Plains-KS, OK, TX. 


11. Long-term changes in population can be modeled but are dif¬ 
ficult to accurately predict. Recent estimates of the number of 
people exposed to such heat given expected population growth 
are substantially higher. See, for example, Dahl et al. (2019) and 
Jones et al. (2015). 

12. Midrange population projections suggest that the US population 
could grow to 447 million by the end of the century—compared 
with a 2010 population of about 310 million people—which 
would increase population exposure to extreme heat conditions 
(Dahl et al. 2019; Jones et al. 2015). 

13. This comparison cross-references 2017 Bureau of Economic 
Affairs employment data with 2010 Census county classifica¬ 
tions. “Rural” refers to counties classified as “all rural” in 
the 2010 Census, and “urban” refers to counties classified as 
“mostly urban.” 

14. Heat index calculated for September 11, 2017, and September 12, 
2017, using daily maximum temperature and average dew point. 

15. A partnership among 10 federal agencies is piloting the adop¬ 
tion of a National Integrated Heat Health Information System 
(NIHHIS) in a handful of cities across the country. Extending 
the NIHHIS nationally could lead to better scientific research 
and science-informed policies and health outcomes. 

16. See, for example, Arizona Department of Health Services 
(2016), EPA (2016), and WHO (2008). 

17. A list of existing state programs can be found by visiting https:// 
liheapch.acf.hhs.gov/tables/cooling.htm. 

18. Even if an official heat emergency is not declared, temperatures 
may be hot enough to be unsafe for heat-vulnerable populations. 
Policies should be in place to ensure that they have uninter¬ 
rupted power, especially to protect low-income households that 
may struggle to pay bills. 

19. See https://liheapch.acf.hhs.gov/Disconnect/disconnect.htm. 

20. OSHA notes that “[wjorkers performing strenuous activity, 
workers using heavy or non-breathable protective clothing, and 
workers who are new to an outdoor job need additional precau¬ 
tions beyond those warranted by heat index alone” and that 
working in direct sunlight can add up to 15 degrees to the heat 
index (OSHA n.d.). 

21. Currently, the Federal Housing Administration does not require 
air-conditioning but says only that if an air-conditioning system 
is present, it must be operational. See NLIHC (2018) for more 
information. 

22. These are plants that are primarily called on during peak power 
demand periods and release large amounts of local air pollut¬ 
ants in their ramp-up and ramp-down phases (Wisland 2018). 

23. The IPCC special report on 1.5°C (IPCC 2018) defines “CDR” as 
“Anthropogenic activities removing C0 2 from the atmosphere 
and durably storing it in geological, terrestrial, or ocean reser¬ 
voirs, or in products. It includes existing and potential anthro¬ 
pogenic enhancement of biological or geochemical sinks and 
direct air capture and storage, but excludes natural C0 2 uptake 
not directly caused by human activities.” 
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Killer Heat in the 
United States 

Climate Choices and the Future of Dangerously Hot Days 


[ We must act decisively to cut 
heat-trapping emissions to defend 
ourselves against a gravely hot future. 


Extreme heat events have killed more people in the United States 
over the last 30 years than cold snaps, floods, hurricanes, or torna¬ 
does. As global temperatures rise, driven by societies’ heat-trapping 
emissions, the health, lives, and livelihoods of people across the 
country will be threatened by more frequent and intense episodes of 
dangerous heat each year. Some heat conditions will be so extreme 
they will exceed the calculable “feels like” temperature range used 
by the National Weather Service—they’ll be literally off the charts. 

The Union of Concerned Scientists has projected the 
frequency of extremely hot days for the middle and end of this 


century across the contiguous United States. The analyses are 
based on the choices before us: to act decisively to cut emissions, 
to wait until midcentury to act, or to do nothing at all. Failure to 
act now would result in a future unrecognizably hot to today’s 
adults—one in which swaths of the country would become too 
hot too often to safely go about daily life. By swiftly and aggres¬ 
sively reducing emissions, we can avoid the gravest consequences 
and ensure a future that, while warmer, is safer for today’s chil¬ 
dren as they live out their lives. 
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